Prior studies have demonstrated that both nicotine administration and cigarette smoking lead to dopamine (DA) release in the ventral striatum/nucleus accumbens. In tobacco-dependent individuals, smoking denicotinized cigarettes leads to reduced craving, but less pleasure, than smoking regular cigarettes. Using denicotinized cigarettes and 11 C-raclopride positron emission tomography (PET) scanning, we sought to determine if nicotine is necessary for smoking-induced DA release. Sixty-two tobacco-dependent smokers underwent 11 C-raclopride PET scanning, during which they smoked either a regular or denicotinized cigarette (double-blind). Change in 11 C-raclopride binding potential (BP) in the ventral striatum from before to after smoking was determined as an indirect measure of DA release. Cigarette craving, anxiety, and mood were monitored during scanning. Smoking a regular cigarette resulted in a significantly greater mean reduction in ventral striatal 11 C-raclopride BP than smoking a denicotinized cigarette. Although both groups had reductions in craving and anxiety with smoking, the regular cigarette group had a greater improvement in mood. For the total group, change in BP correlated inversely with change in mood, indicating that greater smoking-induced DA release was associated with more smoking-related mood improvement. Thus, nicotine delivered through cigarette smoking appears to be important for ventral striatal DA release. Study findings also suggest that mood improvement from smoking is specifically related to ventral striatal DA release.
INTRODUCTION
Many research groups have demonstrated that nicotine administration or cigarette smoking results in dopamine (DA) release in the ventral striatum/nucleus accumbens (VST/NAc). In studies of rodents, nicotine-induced DA release in the VST/NAc was shown using microdialysis (Di Chiara and Imperato, 1988; Damsma et al, 1989; Pontieri et al, 1996; Sziraki et al, 2001) , whereas nicotine-induced DA release was disrupted by lesioning of dopaminergic neurons prior to nicotine administration (Corrigall et al, 1992) . In non-human primates, DA release in response to intravenous nicotine administration has been demonstrated (indirectly) by displacement of 11 C-raclopride (a ligand that binds to D2/D3 DA receptors) during positron emission tomography (PET) scanning Marenco et al, 2004) . Similarly, studies of human smokers have demonstrated DA release in response to cigarette smoking (Brody et al, 2004 Scott et al, 2007) and nicotine gum administration (Takahashi et al, 2008 ) using 11 C-raclopride and PET, though not all studies using these (and similar) methods have shown 11 C-raclopride displacement (Tsukada et al, 2002; Barrett et al, 2004; Montgomery et al, 2007) . Both nicotine administration (in doses comparable to human cigarette smoking) (Cumming et al, 2003; Marenco et al, 2004; Takahashi et al, 2008) and cigarette smoking itself (Brody et al, 2004 Scott et al, 2007) result in DA release in the range of 5-10%, indicating that nicotine intake is an important factor in DA release from smoking. Significant associations between DA release (as measured by 11 C-raclopride displacement) and behavioral responses to smoking, such as reduction in craving (Brody et al, 2004 and enhancement of pleasure (Barrett et al, 2004; Montgomery et al, 2007) , have also been demonstrated in human smokers.
In prior research, smoking denicotinized cigarettes has been compared to smoking regular cigarettes, to examine the effect of the presence or absence of nicotine on tobaccorelated symptoms. In tobacco-dependent smokers, smoking denicotinized cigarettes has been found to result in a degree of withdrawal relief that is similar to smoking regular cigarettes (Pickworth et al, 1999; Buchhalter et al, 2001; Dallery et al, 2003; Donny et al, 2007) ; however, denicotinized cigarettes provide less satisfaction (Butschky et al, 1995; Gross et al, 1997) , reward (Naqvi and Bechara, 2005; Donny et al, 2007) , and anxiety reduction (Pomerleau et al, 1984; Buckley et al, 2007) than regular cigarettes. Denicotinized cigarettes also do not elevate heart rate like regular cigarettes (Butschky et al, 1995; Pickworth et al, 1999; Schuh et al, 2001; Buchhalter et al, 2001 ), but both cigarette types increase skin conductance responses (Naqvi and Bechara, 2006) . Furthermore, a recent study directly demonstrated that the airway sensation from nicotinized cigarette puffs were more rewarding than such sensations from denicotinized cigarette puffs (though both cigarette types produced greater reward than unlit puffs) (Naqvi and Bechara, 2005) . Taken together, these studies indicate that sensory factors associated with smoking are important for relief of withdrawal, but that nicotine may be necessary for the rewarding properties of smoking.
Using denicotinized (and regular) cigarettes and 11 C-raclopride PET scanning, the primary goal of the study presented here was to determine if nicotine is necessary for smoking-induced DA release. Given the extensive scientific literature linking reward/pleasure with DA release (Koob, 1992; Leshner and Koob, 1999 ) and the aforementioned studies of denicotinized cigarettes indicating less of a rewarding effect from these cigarettes, we hypothesized that smoking a denicotinized cigarette during scanning would result in less DA release than smoking a regular cigarette. Given that prior studies demonstrate associations between DA release and hedonic responses and craving reduction with smoking, and that smoking reduces anxiety in the presence of a stressor (Jarvik et al, 1989) and when a distractor is present (Kassel and Shiffman, 1997) , we also sought to examine associations between DA release and change in these symptoms with smoking.
METHODS

Research Participants
Two hundred and forty-three potential research participants were screened during a telephone interview, in which medical, psychiatric, and substance abuse histories were obtained without personal identifiers. Qualified participants who wished to participate received a complete description of the study in person and gave written informed consent, using forms approved by the local IRB. Participants were then evaluated further using screening questions from the Structured Clinical Interview for DSM-IV to verify eligibility (First et al, 1995) . Inclusion/exclusion criteria were the same as in our previous reports (Brody et al, 2004 , with the central inclusion criteria being DSM-IV nicotine dependence and smoking 10-40 cigarettes per day and exclusion criteria being any history of an Axis I psychiatric or substance abuse/dependence diagnosis other than nicotine dependence, current use of medications or medical conditions that might affect brain function, and pregnancy. Participants were all treatment seeking and were either enrolled in a larger smoking cessation treatment study or offered open-label treatment following study participation.
Experimental Design
Sixty-two otherwise healthy adult (21-65 years of age) cigarette smokers completed the following study. Participants underwent bolus-plus-continuous-infusion 11 C-raclopride PET scanning, during which they smoked either a regular or denicotinized cigarette (double-blind). Demographic and other clinical variables were collected at baseline, and symptoms of tobacco withdrawal were monitored during the scanning session. A structural magnetic resonance imaging (MRI) scan was also obtained within 1 week of the PET session.
Demographic and Rating Scale Measures
Demographic and rating scale measures were obtained immediately prior to PET scanning. Demographic data included age, sex, number of cigarettes per day, number of years smoking, and highest level of education. Rating scale data included the Fagerström Test for Nicotine Dependence (FTND) (Fagerström, 1978; Heatherton et al, 1991) , Hamilton Depression (HAM-D) (Hamilton, 1967) and Anxiety (HAM-A) (Hamilton, 1969) rating scales, and the Shiffman-Jarvik Withdrawal Scale (Shiffman and Jarvik, 1976) . Exhaled carbon monoxide (CO) levels were also obtained prior to PET scanning using a MicroSmokerlyzer (Bedfont Scientific Ltd, Kent, UK) as an estimate of recent smoking levels.
During the PET session, the Urge to Smoke (UTS) Scale for measuring craving (Jarvik et al, 2000) , state anxiety questions from the Spielberger State-Trait Anxiety Index (Spielberger, 1983) , and an analog scale for mood rating (from 'sad' to 'happy') (Wild et al, 2001; Bowen et al, 2006; Mitterschiffthaler et al, 2007) were administered immediately before and after smoking.
PET and MRI Scanning
Positron emission tomography and MRI scanning sessions followed the same general protocol as in our previous reports (Brody et al, 2004 . PET sessions were performed using a bolus plus continuous infusion of 11 Craclopride. Participants were instructed to smoke as per their usual habit on the morning of the PET session and to smoke a cigarette immediately prior to testing, which began at noon. Between noon and 1345 hours, participants were interviewed and filled out rating scale questionnaires as described above. At 1345 hours, each participant had a 20-gauge intravenous catheter placed and then was positioned on the PET scanning bed (for acquisition of planes parallel to the orbitomeatal line). Scanning began at 1410 hours with a slow bolus injection of 5 mCi 11 C-raclopride in 20 ml normal saline over a 60-s period, followed by continuous infusion of the tracer (5 mCi, corrected for decay) for the remainder of the testing session. This bolus-plus-continuous-infusion method was performed as described in prior studies (Carson et al, 1997; Ito et al, 1998; Brody et al, 2006) . Brain scans were acquired continuously for the next 50 min.
At 1500 hours, participants were removed from the scanner with the infusion still running and had a 10-min break in an outdoor area adjacent to the PET scanning room, at which time they smoked either a regular or denicotinized cigarette (described below). A 3-h period of abstinence prior to the smoke break in scanning was chosen based on the finding that craving starts to peak at this time in smokers (Schuh and Stitzer, 1995) , though it is acknowledged that DA release may be different if smokers are cigarette-deprived for longer periods of time. After the break, participants were quickly repositioned (o1 min) in the scanner using a preplaced mark on their forehead and a laser light from the scanner. Scanning then resumed for 30 min more.
Positron emission tomography scans were acquired with a GE Advance NXi PET tomograph (General Electronic Medical Systems, Milwaukee, WI) with 35 slices in 3-dimensional mode.
11 C-raclopride was prepared by an established procedure (Farde et al, 1986; Ehrin et al, 1987) . PET scans were acquired as 10 prebreak and six postbreak 5-min frames. Attenuation correction scanning for both emission scans was performed using a 5-min transmission scan obtained with the germanium rotating rod source built into the GE scanner at the end of the scanning session.
An MRI scan of the brain was obtained within 1 week of the PET session with the following specifications: three-dimensional Fourier transform spoiled gradientrecalled acquisition with TR ¼ 30 ms, TE ¼ 7 ms, 301 angle, two acquisitions, 256 Â 192 view matrix. The acquired volume was reconstructed as 90 contiguous, 1.5-mm thick, transaxial slices.
Cigarette Smoking during the Break in Scanning
During the break in scanning, subjects smoked either one of their own cigarettes (mean 1.0±0.03 mg nicotine, 14.2±0.5 mg tar; n ¼ 46) or a standard denicotinized cigarette (0.05 mg nicotine, 10 mg tar; Quest 3 brand; n ¼ 16). Three-fourths of the participants were assigned to the regular cigarette group because this study was part of a larger treatment study that examined responses to regular cigarettes before and after treatment, and only those who smoked a regular cigarette were eligible for the larger study. To maintain a blind, all subjects gave one of their cigarettes to a research assistant who de-identified it by covering any brand markings. This de-identified regular brand cigarette or a de-identified denicotinized cigarette was then given to the study investigator (ALB, REO, or ZAM) who gave it to the participant to smoke during the break in scanning. Participants were observed continuously during the break. For the regular cigarette condition, subjects smoked one of the following cigarettes: Marlboro Regular (n ¼ 9), Marlboro 100 (n ¼ 2), Marlboro Light (n ¼ 1), Camel Regular (n ¼ 6), Camel Light (n ¼ 3), Kool Regular (n ¼ 3), Newport Regular (n ¼ 6), Newport 100 (n ¼ 5), Parliament Light (n ¼ 9), or Benson and Hedges Regular (n ¼ 2). Eleven of the cigarettes smoked for the regular cigarette condition were menthol cigarettes, whereas the denicotinized cigarettes were not menthol cigarettes.
To monitor smoking topography during scanning, cigarettes were smoked through a Clinical Research Support System device (Plowshare, Baltimore, MD). Although all standard recordings were obtained with this device, the primary measure of interest was total puff volume of the cigarette (ml), which indicated the amount of each cigarette that was smoked.
PET Image Analysis
PET-to-MRI coregistration was performed using an automated image registration method (Woods et al, 1993) within MEDx 3.3 (Sensor Systems Inc., Sterling, VA). Prebreak (0-50 min) and postbreak (60-90 min) scans were coregistered to the MRI separately, and the individual 5-min time frames were coregistered to MRI scans using the transformation matrix parameters from the coregistration of the summed images.
Regions of interest (ROIs) were drawn on MRI and transferred onto the coregistered PET scan frames. ROI placement on each frame was verified by visual inspection by the region drawers (MRC and DS) and the PI. The ROI value used for statistical analysis was the volume-weighted decay-corrected mean of the left and right ventral caudate (VCD) ROIs (including NAc), consisting of three slices each, resulting in a single value for each 5-min frame of PET scanning . The cerebellum was drawn as a reference region. These regions were similar to those drawn in prior 11 C-raclopride PET studies (Mawlawi et al, 2001; Martinez et al, 2003) . Binding potential (BP) for VCD/ NAc was calculated using the simplified reference tissue model (Lammertsma and Hume, 1996) , with
, where C is radioligand concentration. BP was determined for each 5-min PET frame, and mean BP values were compared between the frames before (40-50 min) and after (60-90 min) the break in scanning. These time frames are almost identical to those recommended as optimal for maximizing signal-tonoise ratio with the 11 C-raclopride bolus-plus-continuousinfusion method (Watabe et al, 2000; Mawlawi et al, 2001 ). This method assumes 40 min for the radiotracer to reach an approximate steady state (Ito et al, 1998; Watabe et al, 2000; Mawlawi et al, 2001) . It also assumes that intrasynaptic DA concentration will remain elevated throughout the 30-min postsmoking scan, as indicated by animal microdialysis and imaging studies cited above.
The single PET data variable for this study was percent change in BP from before to after smoking, defined as 100 Â (BP after smoking ÀBP before smoking )/BP before smoking . A single BP measure was used here, based on prior reports demonstrating nearly identical BP changes for the left and right VCD/NAc (Brody et al, 2004 , to minimize the risk of type I error.
Statistical Analyses
Demographic and rating scale data means (±SEMs) were determined for the study groups. To verify baseline similarities in demographics between groups, unpaired Student's t-tests and a w 2 test (for gender) were performed for these variables. To determine similarities and differences in clinical responses to smoking the two cigarette types, unpaired Student's t-tests were performed between groups for changes in the three withdrawal symptom measures (craving/UTS, anxiety/Spielberger State-Trait Anxiety Index (STAI), and mood analog scale scores) from before to after smoking. To further characterize pre-to postsmoking changes in withdrawal symptoms, withingroup paired t-tests and examinations of means were also performed.
For the PET data, changes in BP were compared between groups with an ANCOVA, with percent change in BP as the dependent measure, group (regular vs denicotinized cigarette) as the between-subject factor, and age, gender, and total puff volume as covariates. Even though the groups did not have significant differences in these covariates (see below), these variables were included in the analysis, based on prior reports linking them with differences in DA system function (Wang et al, 1995; Pohjalainen et al, 1998; Kaasinen et al, 2000; Staley et al, 2001) .
For the total group, correlation coefficients (controlling for group) were determined between percent change in BP and percent change in craving (UTS), state anxiety (STAI), and mood analog scores, to determine relationships between DA concentration change and effects of smoking on withdrawal symptoms. All statistical tests were performed with SPSS version 15.0 (SPSS, Chicago, IL).
RESULTS
Clinical Results
The total subject sample was middle-aged (40.5±1.5 years old), mostly male (67.7%), smoked moderately (24.2 ± 0.9 cigarettes/day) and for many years (22.5 ± 1.5), was moderately nicotine-dependent (FTND scoresF6.4±0.2), and had moderate CO levels prior to the scanning session (17.0 ± 1.1 p.p.m.). The groups assigned to smoking either a regular or a denicotinized cigarette did not differ significantly in any of these variables (Table 1) or on any of the subscales from the Shiffman-Jarvik Withdrawal scale (all unpaired Student's t-tests, NS).
The groups also did not differ in smoking topography. For the regular and denicotinized cigarette groups, total puff volume (886±44 vs 941±81 ml, respectively), number of puffs (17.3±1.2 vs 19.3±1.8, respectively), and average puff volume (57.3 ± 2.7 vs 52.6 ± 4.5 ml) were similar between groups (all unpaired Student's t-tests, NS).
From before to after smoking during scanning, the two groups did not differ significantly in craving or anxiety alleviation (both unpaired Student's t-tests, NS), but did differ in mood improvement. For craving, both groups had significant within-group reductions in craving/UTS score (À76.0 ( ± 3.5)% for the regular cigarette group, paired Student's t-test, po0.0001 and À71.8 ( ± 6.9)% for the denicotinized cigarette group, paired Student's t-test, po0.0001), indicating that craving was reduced significantly with both cigarette types. Similarly, both groups had comparable reductions in STAI anxiety scale scores (À26.1 ( ± 19.5)% for the regular cigarette group and À21.7 ( ± 16.3)% for the denicotinized cigarette group). In contrast, the regular cigarette group had significantly more mood improvement ( + 15.2 (±6.0)%) than the denicotinized cigarette group (À0.5 ( ± 4.4)%) (unpaired Student's t-test, p ¼ 0.04).
PET Results
The group that smoked regular nicotine-containing cigarettes had a greater mean reduction in 11 C-raclopride BP (À8.4 ( ± 1.5)%) than the group that smoked denicotinized cigarettes (À1.2 ( ± 2.5)%) (ANCOVA, d.f. ¼ 1, 57, F ¼ 6.8, p ¼ 0.01) (Figure 1 ), indicating that those who smoked regular cigarettes had greater DA release.
For the total group, there was a significant negative correlation between change in 11 C-raclopride BP and change in mood scale scores (correlation coefficient, r ¼ À0.33, p ¼ 0.01) (Figure 2 ), indicating that greater DA release is associated with more mood improvement. There were no significant correlations between change in 11 C-raclopride BP and change in UTS scale scores (correlation coefficient, r ¼ 0.13, NS) or STAI anxiety scale score (correlation coefficient, r ¼ À0.01, NS). 
DISCUSSION
In tobacco-dependent smokers, smoking regular vs denicotinized cigarettes resulted in different patterns of both clinical and PET scanning findings. Smoking regular cigarettes resulted in significantly decreased craving and anxiety, improved mood, and DA release, whereas smoking denicotinized cigarettes resulted in decreased craving and anxiety, but no evidence of mood improvement or significant DA release. In addition, for the total group, there was an association between increasing DA release and mood improvement. These findings indicate that nicotine is necessary for smoking-induced DA release and support prior research demonstrating that denicotinized cigarettes relieve craving (Eid et al, 2005; Buchhalter et al, 2005) , but that regular nicotine-containing cigarettes provide greater withdrawal relief (Pickworth et al, 1999; Buchhalter et al, 2001; Dallery et al, 2003; Donny et al, 2007) and more satisfaction (Butschky et al, 1995; Gross et al, 1997) and reward (Naqvi and Bechara, 2005; Donny et al, 2007) (measured here as mood improvement) than denicotinized cigarettes. The central finding of this study (smoking a regular cigarette resulting in greater displacement of 11 C-raclopride BP than smoking a denicotinized cigarette) is consistent with animal microdialysis (Imperato et al, 1986; Di Chiara and Imperato, 1988; Benwell and Balfour, 1997; Janhunen and Ahtee, 2004) and imaging (Marenco et al, 2004; Scott et al, 2007; Takahashi et al, 2008 ) studies, which demonstrate the importance of nicotine administration for DA release. As expected, the 8.4% increase in DA concentration found here with smoking a regular cigarette was less than the 20-29% increase found with cocaine (Volkow et al, 1999; Park and Park, 2000) or the 19-31% increase found with amphetamine (Carson et al, 1997; Hartvig et al, 1997; Drevets et al, 1999) administration in studies using similar methodology. The finding of a reduction in craving with smoking a denicotinized cigarette also indicates that factors other than the rewarding effect of ventral striatal DA release are important for craving alleviation. Denicotinized cigarettes likely alleviate craving through either (1) the sensorimotor feel, taste, and smell of cigarettes (including some degree of airway sensory stimulation (Naqvi and Bechara, 2005) ), (2) DA release in brain regions not studied here (such as the thalamus, hippocampus, and cerebral cortex (Christian et al, 2000; Slifstein et al, 2004) ), (3) pharmacological effects of the thousands of constituents of tobacco smoke other than nicotine (Green and Rodgman, 1996) , or (4) some combination of these factors. To clarify the issue of how denicotinized cigarettes exert their effect, studies of changes in brain activity (either blood flow or glucose metabolism) or other neurotransmitter systems in response to smoking these cigarettes would be informative. Though several groups have examined the smoking of denicotinized cigarettes as a control condition compared to smoking regular cigarettes during functional brain imaging (Rose et al, 2003 (Rose et al, , 2007 Zubieta et al, 2005) , we are aware of only one study (cited below) that specifically examined the effects of smoking denicotinized cigarettes themselves on brain function.
Although (to our knowledge) no prior functional brain imaging studies have directly reported how denicotinized cigarettes alleviate craving, several functional brain imaging studies of cigarette craving itself (see Brody (2006) for review) point to brain circuitry that might mediate the diminished craving found in response to denicotinized cigarettes. When cigarette smokers are exposed to cigaretterelated (compared to neutral) cues, craving is found to correlate with regional glucose metabolism or perfusion in the prefrontal cortex, orbitofrontal cortex, anterior cingulate cortex, insula, sensorimotor cortex, and hippocampus (Brody et al, 2002; Zubieta et al, 2005; Rose et al, 2007) . Changes in activity in these regions, which mediate brain functions possibly related to craving (eg, working and C-raclopride binding potential (BP) for the group that smoked a denicotinized cigarette (À1.2 ( ± 2.5)%; n ¼ 16) and the group that smoked a regular cigarette (À8.4 ( ± 1.5)%; n ¼ 46). The group that smoked a denicotinized cigarette had less of a decrease in 11 C-raclopride BP than the group that smoked a regular cigarette, indicating that nicotine inhalation is important for dopamine release. episodic memory, repetitive thoughts, arousal and sensorimotor function) could be responsible for the craving reduction seen with denicotinized cigarettes. The effects of smoking denicotinized cigarettes on craving may also be explained by their effect on neurotransmitter systems other than DA, as demonstrated in a recent study showing activation of mu-opioid receptor-mediated neurotransmission in the right anterior cingulate cortex from smoking denicotinized and regular nicotine cigarettes (Scott et al, 2007) .
As for the other central finding of this study, the association between mood improvement and smoking-induced DA release is consistent with a large body of literature linking DA release with improved mood and pleasure. Most closely related to the present study are reports using 11 Craclopride PET that have linked DA release in the striatum with hedonic responses to cigarette smoking (Barrett et al, 2004) and with happiness following nicotine nasal spray administration (Montgomery et al, 2007) . Similar relationships between DA release and mood improvement or reward have been demonstrated in response to amphetamine administration (Drevets et al, 2001; Oswald et al, 2005) , monetary reward (Pappata et al, 2002; Zald et al, 2004) , and eating a meal (Small et al, 2003) . In addition, DA concentration has been found to decrease in subjects who experience decreased happiness/euphoria in response to catecholamine depletion (Verhoeff et al, 2003) . The present findings reinforce the previously demonstrated relationship between DA concentration and mood, and point to the consistency of these findings across rewarding stimuli.
The strengths of the present study included a relatively large sample size for this line of research; well-matched groups with regard to demographic variables, cigarette usage, and absence of comorbidity; and a statistical method that minimized type I error by using a single BP value. The primary limitations of this study were the ones inherent to PET scanning with 11 C-raclopride. Although this radiotracer is commonly used for the evaluation of DA release (Volkow et al, 1994; Carson et al, 1997; Schlaepfer et al, 1997; Ginovart et al, 2002; Brody et al, 2004 Brody et al, , 2006 Marenco et al, 2004; Barrett et al, 2004; Scott et al, 2007) and generally demonstrates DA release when expected, the short half-life and variable pharmacokinetics of the radiotracer make its use logistically challenging for human studies, and can produce considerable variability within groups, as observed here (Figure 1 ).
11
C-raclopride is also not a reliable radiotracer for examining competitive displacement in regions with low specific binding outside the striatum. For measuring non-striatal DA receptor levels, a radiotracer with very high affinity (such as 18 F-fallypride) might be more appropriate (for reviews see Siessmeier et al (2005) ; Elsinga et al (2006) ). Another study limitation was the unequal sample size between the two groups (done for practical reasons), which resulted in greater power to detect change in the larger regular cigarette group compared to the smaller denicotinized cigarette group. Also, due to the fact that de-identified cigarettes of the subjects' own brand were used in this study, it is possible that varying cigarette composition (eg, regular cigarettes smoked here contained 14.2 ± 0.5 mg tar, whereas Quest cigarettes contained 10 mg tar) or the fact that some subjects may have recognized their own brand of cigarettes could have affected study results.
Despite these limitations, this study did demonstrate that smoking regular nicotine cigarettes resulted in VCD/NAc BP change in the hypothesized direction, and this fact does lend confidence to the findings here, as does the expected significant correlation for the total group between VCD/ NAc BP reduction and mood improvement.
